Abstract Background: In an earlier paper, it was shown that tailored magnetic resonance imaging (MRI) allows for reproducible analysis of the preserved knee joint structures after patellofemoral replacement (PFR). Purposes: This pilot study investigates to what degree MRI could produce reliable assessment of the implant-bone interface of femoral and patellar components and rotational alignment following PFR. Methods: MRI tailored for reduction of metallic artefacts was performed in seven patients who had undergone PFR. Two independent investigators evaluated the implant-bone interface at femoral and patellar components and the rotational alignment of the femoral component. They also assessed their degree of confidence in evaluation using a five-point scale. The inter-observer reliability was determined. Results: Implant-induced MRI artefact was barely observed and there was no interference with component-bone interface evaluation. There was excellent inter-observer reliability, inter-observer agreement, and confidence for the implant-bone interface at femoral and patellar components and for rotational alignment. The applied score for the interface was found to be reliable. Conclusion: Tailored MRI allows reproducible analysis of the implant-bone interface and of rotational alignment of the femoral component in patients who have had PFR. It might prove helpful in the assessment of painful PFR.
Introduction
Prevalence rates of patellofemoral osteoarthritis range between 9 and 24% in the middle-aged [6, 7] and, although patellofemoral replacement (PFR) is considered viable for end-stage disease [4, 5, 20] , results among different surgeons have been variable, also due to the array of devices available [7, 8] . At mid-term follow-up, survival rates of second generation PFRs range from 86 to 94% [1, 3, 10, 14, 16, 19] with the most common reason for revision being progression of tibiofemoral arthritis [1, 14] .
Diagnosing knee problems in patients who have had PFR is not straight forward. Although X-rays can be a useful imaging technique, loosening of components may result in radiolucencies at the component-bone interface, osteolysis or subsidence of components. Moreover, both X-rays and computed tomography have only limited sensitivity in detecting loosening and both also expose the patient to ionising radiation. Bone scans are a very sensitive diagnostic tool for component loosening but cannot be considered reliable in the first 2 years after implantation [8, 13] . Magnetic resonance imaging (MRI) remains the gold standard in evaluating painful knees but is generally not considered a useful option after arthroplasty because of the generation of significant metal artefact [21] . MRI tailored to reduce metallic susceptibility artefact has proven to be clinically useful when used together with traditional imaging techniques in evaluating these patients [17, 21] . To date, there is a lack of research into the use of MRI in diagnosing knee problems in patients who have had PFR.
It is well established that metallic implants cause MRI image artefacts. In contrast, zirconium has a lower magnetic moment [20] and therefore it enables reduction of susceptibility artefact in MRI after total knee arthroplasty (TKA) and allows for evaluation of peri-prosthetic structures [18] .
This pilot study investigated to what degree MRI analysis of the component-bone interface and the rotational alignment of the femoral component could be reproduced in patients who had undergone PFR. It was hypothesised that the evaluation would be reproducible.
Material and Methods
The MRI results of the seven patients were subject of this pilot study [12] . Patients had undergone PFR for degenerative joint disease to the patellofemoral compartment of the knee. Patients comprised five women and two men with an average age of 43.6±10.0 years (range 25-55 years) at index PFR (three left, four right knees). MRI was performed at a mean interval of 17.1±10.9 months (range 3-37 months) after the index procedure. The study protocol followed the principles as stated in the declaration of Helsinki. It was reviewed and approved by the local ethics committee.
All patients received the Journey PFR system using cemented femoral zirconium components (Smith & Nephew, Memphis, TN, USA). On the patellar side, cemented full poly patella buttons (n05) were implanted in an inlay technique. The patella remained untouched in two cases. The implants were positioned following the manufacturer's instructions.
During the MRI procedure, patients lay feet first on the scanning table with the extremity fully extended. The MRI examinations were performed on a clinical MRI scanner (MAGNETOM Espree, Siemens Medical Systems, Erlangen, Germany) with a superconducting coil and field strength of 1.5 T. The knee was placed in a transmit-receive extremity coil (CP Extremity, Siemens Medical Systems, Erlangen, Germany). The scans were performed using the perpendicular localizer views (Fig. 1) .
Sagittal, axial and coronal turbo spin echo sequences were acquired with a repetition time of 7,000 ms, an echo time of 10 ms, a flip angle of 150°, a slice thickness of 3 mm and a 0.6-mm intersection gap, a 20-cm field of view, a 512×384-pixel matrix, a pixel bandwidth of 465 Hz/pixel, a 25-echo train length, 384 phase encoding steps and two averages.
We used a score (Table 1) to evaluate the componentbone interface of femoral and patellar components: "0" applied when the interface was not evaluable due to metallic artefacts, "1" applied whenever there was no gap evident between the component and underlying bone; a gap <2 mm corresponded to a score "2" and "3" applied to gaps >2 mm and osteolysis. The interface was divided into regions according to the cuts routinely performed in PFR. On the femoral side, it was differentiated into the proximal, middle and distal third of the interface and subdivided into two sections (lateral and medial) on each. Thus, for each femoral component, we evaluated six zones (Fig. 2) . We subdivided the patella into four regions (four zones). In total, we evaluated ten interface zones for each knee. A similar scoring system had been successfully used in a study on TKA [11] .
In 1998, Berger et al. developed a technique to quantitatively measure femoral component rotational alignment for TKA using a standard CT scanner [2] . We performed measurements as described in their study: we determined the rotation of the femoral component using the epicondylar axis as a reference. The lateral epicondylar prominence was connected to the middle sulcus of the medial epicondyle. A second line was drawn as a tangent to the femoral implant's dorsal surface of the anterior flange (Fig. 3) .
Continuous variables were presented as mean and standard deviation (SD); categorical data were given in absolute figures. For analysis of data, p<0.05 was considered as statistically significant. After verifying a normal distribution of data, values were analysed by Student's t test. Two independent investigators (XX. and XX, orthopaedic surgeons with experience in evaluation of MRI following arthroplasty) evaluated the MRI, blinded to the clinical information. We used the intra-class correlation coefficients (ICC) to assess the level of agreement between the observers for femoral rotational alignment. This uses two-way random effects analysis of variance with random observers (ICC (2, 1)). The Bland-Altman plot is a useful method of data plotting to represent the agreement between two different observers. It delivers 95% limits of agreement, and thus gives an idea of the range of differences between two measurements of the same specimen.
We used Microsoft Excel (Microsoft Corporation, Seattle, USA) and IBM SPSS Statistics 18 (PASW 18, SPSS Inc., Chicago, IL, USA) to support statistical analysis.
Results
There was excellent inter-observer reliability, as expressed by ICC >0.75 (Table 2) , for all interface regions assessed. At the femoral interface, we observed few implant-induced MRI susceptibility artefact problems, resulting in high confidence levels for evaluation. Artefact was no issue on the patellar side, resulting in high reliability, agreement and confidence.
All regions on the femur and patella were evaluable. On the femoral side, 2.4% of the assessed areas showed a gap >2 mm. For the vast majority of regions, there was excellent contact between implant and femoral bone. On the patellar side, 5% of the regions showed gaps <2 mm. All other regions showed excellent contact between implant and patellar bone. The gap analysis showed no correlation to clinically significant findings, since the knees did not present with clinical problems at this time.
For analysis of the rotational alignment of the femoral components (Fig. 3) , there was high inter-observer reliability as expressed by a high ICC of 0.993. The Bland-Altman plot revealed a mean difference between observers of -0.29°w ith a standard deviation of 0.76°and 95% limits of agreement between −1.81 and 1.23°.
Discussion
This pilot study set out to determine to what degree MRI analysis could assess PFR rotational alignment and whether it could be accurately reproduced using a new score to analyse bone-component interface. A previous publication addressed the reproducibility of MRI analysis of preserved anatomic structures of the knee in the same seven patients who had undergone PFR [12] .
Our results show that analysis of bone-component interface can be reproduced accurately as demonstrated by high Gap >2 mm Fig. 2 . This sagittal fast spin echo MR images demonstrates the interface at the femoral and patellar components: a no gaps at interface; b gaps <2 mm at femoral interface (as pointed out by arrow). There were no gaps >2 mm. Cohen's kappa for the inter-observer reliability, high confidence levels and high inter-observer agreement. Analysis of zirconium femoral components and patellar implants showed that all interface zones were evaluable. Implant-induced MRI susceptibility artefact, generated by the metallic implants, was barely seen and did not interfere with evaluation. The data also show that MRI analysis of rotational alignment of femoral implants can be reproduced accurately, as demonstrated by the high ICC for inter-observer reliability and low 95% limits of agreement.
As stated in our previous publication, there were limitations to this study [12] . Group size was small and follow-up studies with more patients are warranted. Reflecting the cost of MRI and patients were not drawn from a specific cohort. Therefore, results in terms of gaps or osteolysis at the interface might not be representative. Future studies with bigger group size could also try to correlate component rotation and gaps at the interface.
Patients in this study had zirconium femoral components, and whether similar results would be expected in patients following PFR with conventional Cobalt-chrome (CoCr) alloy femoral components, may be questionable. CoCr arthroplasties will generate intra-voxel dephasing, limiting evaluation of the interfaces. Zirconium components generate less signal artefact due to zirconium's lower magnetic moment [17, 18] and produced superior results in TKA patients in comparison with conventional implants [11, 18] . We suppose that MRI could also be used as a diagnostic tool after PFR with CoCr femoral components, but there would be greater interference with evaluation of the interface due to signal artefact. Although not commercially available yet, new MRI protocols such as MAVRIC or SEMAC that involve multiple acquisitions slightly offset from the dominant frequency with a recombinant image yielded to decrease artefact may be particularly helpful in the evaluation of CoCr interfaces in the future [9, 11] .
From a clinical perspective, these results need to be interpreted with caution. Some gaps at the interface were found in knees that were clinically unremarkable and we cannot justify the diagnosis of a loose component based purely on the results determined by this new scoring system. However, MRI results might be useful in facilitating the complex diagnosis of loosening and malposition especially within the first 2 years after arthroplasty, when bone scans are often non-diagnostic.
Special protocols are necessary for MRI following TKA. Sofka et al. showed that with an appropriate protocol, MRI allowed evaluation of peri-prosthetic structures such as ligaments, tendons and bone [21] . Further studies are required but there is a growing body of evidence that MRI can have a clinical role to play in post-operative assessment of arthroplasty to the knee. MRI has been useful in evaluating painful or nonfunctional TKA (arthrofibrosis, synovitis, loosening, chronic infection, osteolysis, particle disease, evaluation of peroneal nerve palsy) [17] . Successful evaluation of radiographically suspected peri-prosthetic osteolysis after TKA has been reported in two small cohorts (11 and 2 patients) [15, 22] .
The value of MRI following knee arthroplasty is an important area for future research and our understanding of MRI and its indications are still developing. Further research is necessary to identify suitable indications and to develop algorithms for evaluation. The present study applies a new scoring system that delivers reproducible analysis of component-bone interface that can be done without exposing the patient to radiation. Further work is required to establish whether it might be of benefit in the assessment of suspected loosening of a knee arthroplasty component. Moreover, this technique might prove to be a helpful tool in addressing scientific issues, such as the effect of different cementing techniques, particularly in combination with femoral components made of zirconium.
In conclusion, MRI, performed using a special protocol and a new scoring system, allowed good reproducible analysis of PFR implant-bone interface. Zirconium components generated negligible MRI artefact, resulting in minimal interference with component-bone interface evaluation. MRI, tailored to reduce metallic artefacts, might prove helpful in the diagnosis of component loosening after PFR and for analysis of femoral component alignment. Informed consent: Informed consent was obtained from all patients for being included in the study. 
